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1. Introduction

SOI-MOSFET is a candidate for next generation
integrated circuit technology due to its reduced junction
capacitances and improved subthreshold swing [1]. How-
ever, a robust circuit simulation model is still missing,
and a bulk-MOSFET model, sacrifying specific features
of the SOI-MOSFET, is mostly applied. Problem of
existing SOI-MOSFET models is their difficulty to get
convergence. The main reason for the unstablility in
circuit simulation may be attributed to disturbance of
the charge conservation [2]. Thus our aim here is to
develop a model for fully-depleted SOI-MOSFET, which
considers device features explicitly as well as preserves
the charge conservation. For this purpose the model is
developed based on the surface-potential description,
and is named HiSIM-SOI.

2. Theoretical Investigation

Figs. 1la and 1b show a schematic of the SOI-
MOSFET and its energy-band diagram along the ver-
tical direction of the channel. The drain current flows in
the inversion layer of ¢5gor at the surface-SOI. A basic
equation of the SOI-MOSFET for the applied gate volt-
age (V) is
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where Vg, and AVyy, are the flat-band voltage and the

threshold voltage (Viy) shift from a long-channel tran-
sistor, respectively [3]. Cpox, Crox, and ¢gor are the
BOX capacitance, the gate-oxide capacitance, and ¢ so1-
¢b,SOI~ QBULK and QSOI are Charges in the bulk and in
the SOI layer. Here two important tasks to be considered
in developing an analytical SOI-MOSFET model arises. :
(1)Three different surface potential values (¢s sor, ¢b,so1,
¢sBULK); (2)Two additional device parameters (thick-
ness of BOX, and impurity concentration of BULK)

(i) For the task (1):

Fig. 2 shows simulated electron concentrations in the

channel with the 2D-device simulator MEDICI [4] as a
function of V. The values both at the source side and
the drain side are shown. If the electron concentration
exceeds the impurity concentration Ng,p, it gives the in-
version condition. It can be seen that both depletion and
inversion conditions occur at both SOI and bulk surfaces.

Whereas the inversion condition never occurs at the back
side of SOI under normal operation conditions. Combi-
nations of all these conditions have to be considered in
describing the charges appear in Eq. (1). All charges
are functions of the three surface potentials. They are
obtained by solving the Poisson equation in 1D to the
vertical direction together with Eq. (1), iteratively. This
is a key to preserve the charge conservation. Till now
the iteration requires about twice as much calculation
time as bulk HiSIM [5]. However, it can be reduced by
restricting conditions considered. For example disregard-
ing the inversion condition at the bulk-surface simplifies
the description, of which the contribution is small.
(ii) For the task (2):

Different from the bulk-MOSFET, the SOI-MOSFET

includes two additional device parameters, which are also
very sensitive for determining device characteristics. All
these values have to be extracted independently from
very beginning of parameter extraction. This can be done
with V4, as the bulk-MOSFET case [3]. However, the Viy,
description is not single but differs for different conditions
considered in (i). Fig. 3 demonstrates that 4 indepen-
dent regions are distinguished in the Vj;, characteristics
as a function of the bulk voltage (Vi) [6]. Each region
is mainly determined by a specific device parameter. We
exploit the characteristics of the SOI-MOSFET for the
parameter extraction.

3. Calculation Results

The surface potential values calculated by HiSIM-SOI
are verified with MEDICI results. Calculated current-
voltage characteristics are compared in Fig. 4 with mea-
surements for the gate length Lgq. of 10um. For the
calculation, parameter values relating to the mobility are
extracted with measured current-voltage characteristics.
The conventional universal mobility description for the
bulk-MOSFET [5] was applicable without any modifica-
tion. Calculated ring oscillator characteristics is demon-
strated in Fig. 5 for Lyqe of 2um.

4. Conclusion

Circuit simulation model for fully depleted SOI-
MOSFET has been developed based on the complete
surface-potential description for the first time. The
model is implemented into the circuit simulator SPICE
and stable circuit simulation has been proven.
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Figure 1: (a) Schematic of the SOI-MOSFET cross-section,
and (b) Band diagram along the vertical direction to the chan-
nel.

102
1019
& 1017
5
= 1010 E e
S 3l o SOl surface  Nsub.BULK
5 1077 a SOI backside N
2 a4 BULK surface
@ 1077 BT a8
B e
109 —__Source side %
~~~~~ Drain side
107 ! 1
0.0 0.5 1.0 1.5

Vgs V]

Figure 2: Simulated electron concentrations in the channel
with the 2D-device simulator MEDICI as a function of the
gate voltage Vs at three different surfaces shown in Fig. 1b.
Values both at the source edge and the drain edge are de-
picted. The horizontal dashed lines show the impurity con-
centration in the SOI layer, Ngup,sor1, and that in the bulk,
Nsub,BULK -
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Figure 3: Threshold voltage (Vin) as a function of the bulk
voltage (Vis). Different numbers give different combinations
of three different surface conditions mentioned (i). Each com-
bination gives different V;i description [6].
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Figure 4: Comparison of calculated result with measured (a)
drain current (Igs) as a function of the gate voltage (Vgs) and
(b) Ias as a function of the drain voltage (Vas).

14
1.2

1
0.8
0.6

Voltage[V]

0.4
02}

ol

20 40 60 80 100
t[nsec]

-0.2 .
0

Figure 5: Simulated ring ocillator period for Lgate=2pum as a
function of time with HiSIM-SOI. For the simulation extrinsic
capacitances are ignored to test convergence.
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